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Case summary
A 75-year-old woman was referred to our hospital because
of dizziness and presumed pacemaker dysfunction (Fig. 1).
Eight weeks earlier, the patient had underwent implantation
of a single chamber pacemaker (Sensia, Medtronic, USA)
with a tined, steroid-eluting bipolar right ventricular (RV)
lead (4074 CapSure Sense, Medtronic, USA) for chronic
atrial ﬁbrillation and symptomatic bradyarrhythmia. Two
weeks post-implantation surgical revision had been neces-
sary due to RV lead dislocation. Device interrogation prior
to hospital discharge had been inconspicuous with a RV
pacing threshold less than 1.0 V at 0.4 ms during unipolar
stimulation (Fig. 2), a pacing impedance of 612 Ohms and
an R wave amplitude sensing of [22 mV. Chest X-ray
suggested a regular lead position in the RV apex.
At presentation, the patient reported episodic dizziness
and intermittent sharp left pectoral pain that was present
since approximately 1 week. Intrinsic heart rate at rest was
50–60 bpm and blood pressure 130/85 mmHg. The surface
Electrocardiogram (ECG) showed unipolar pacing spikes
without capture (Fig. 1). Device interrogation revealed a
RV pacing threshold that had increased to [6Va t1m s
during unipolar stimulation, with a pacing impedance of
521 Ohms and an R wave amplitude sensing of[22 mV.
During bipolar stimulation, a pacing threshold of 2.25 V at
1.0 ms was measured, and the device was reprogrammed to
bipolar pacing with an output of 4.5 V at 1.0 ms (Fig. 3).
On the same day, however, continuos ECG monitoring on
the ward revealed intermittent loss of capture (Fig. 4).
Figure 5a shows the chest X-ray that was taken at the time
the patient presented at our clinic. What is the most likely
diagnosis?
Commentary
In patients with presumed pacemaker dysfunction, device
interrogation should be performed ﬁrst. In our case, device
interrogation revealed dubious ﬁndings. We found excellent
sensing parameters, an inconspicuous pacing impedance,
unipolar exit block and bipolar capture with an elevated
pacing threshold. In this situation, the comparison of a cur-
rent chest X-ray with the image taken earlier after implan-
tation may verify lead dislocation. In our case, no
conclusionscouldbedrawnfromthepost-implantX-raydue
to a low image quality, but in consideration of the patient
history, the current chest X-ray (Fig. 5a) was found to be
suggestive for late lead perforation. This diagnosis was
conﬁrmed by native multidetector computed tomography
(CT)ofthechest(Fig. 6).CTimagingandechocardiography
excluded signiﬁcant pericardial effusion. Based on these
ﬁndings, elective lead extraction was performed in the
operating theatre with backup for emergency thoracotomy
because of the elevated procedural risk for haemorrhagic
pericardial effusion and tamponade. The lead could be
removed without complications and a new RV lead (same
model, 4074 CapSure Sense, Medtronic, USA) was
implanted in the lower RV close to the apex. Postoperative
device interrogation demonstrated a stable unipolar pacing
threshold of 0.5 V at 0.5 ms.
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DOI 10.1007/s00392-009-0040-2Lead perforation is a rare complication in patients
undergoing pacemaker implantation [1]. Acute perforation
of the right ventricle has been reported in up to 1% of
patients and is normally associated with haemorrhagic
pericardial effusion and haemodynamic instability due to
tamponade, necessitating pericardial drainage and occa-
sionally surgical intervention [2, 3]. Delayed lead perfo-
ration (C1 month after implantation) occurs in 0.1–0.8% of
Fig. 2 Electrogram (EGM)
printout from the pacing
threshold measurement that was
performed prior to hospital
discharge (25 mm/s, 10 mm/
mV, the upper curve shows lead
I and markers, the lower curve
shows RV EGM): The right
ventricular pacing threshold is
smaller than 1.0 V at 0.4 ms
during unipolar stimulation
Fig. 3 Effective right
ventricular pacing after device
reprogramming to bipolar
stimulation with an output of
4.5 V at 1 ms (50 mm/s)
Fig. 1 Surface ECG (25 mm/s)
taken at the general practitioner
showing unipolar pacing spikes
that are not followed by a QRS
complex. Intrinsic heart rate
61 bpm, device programmed to
VVI-R 60(-130) bpm, pacing
rate 80 bpm
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123Fig. 5 a Posterior-anterior
chest X-ray. Note the upwardly
directed position of the lead tip
on the left border of the heart
shadow, suggesting lead
perforation through the right-
ventricular apex. b Lateral chest
X-ray shows the lead towards
the right ventricle
Fig. 4 ECG monitoring on the ward revealing intermittent loss of capture after reprogramming to bipolar right ventricular stimulation
(VVI 50/min)
Fig. 6 Transversal (small
image left) and oblique (large
image) images from native
multidetector computed
tomography scan demonstrating
cardiac perforation of the right
ventricular lead (black and
white arrows)
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123pacemaker implantations [4]. Rare cases of lead perforation
later than 1 year have been reported [5].
Symptoms of late lead perforation are commonly subtle
and unspeciﬁc [6, 7]. Most commonly, this complication
manifests with pacemaker malfunction such as insufﬁcient
cardiac stimulation and resulting symptoms such as dizzi-
ness (as in our case) or syncope [7]. Less frequently, late
lead perforation may cause chest pain [3, 7, 8], hemo-
pneumothorax [7, 9] and pneumothorax [7, 10]. Rare cases
of cardiac tamponade or death have been documented in
patients with late lead perforations [11]. On the other hand,
completely asymptomatic cases of late lead perforation
have also been described [12].
Conventional chest X-ray and transthoracic echocardi-
ography can be helpful in diagnosis [8] but occasionally
fail to identify lead perforation [12]. Multidetector CT has
been shown to be a useful tool for verifying the diagnosis
[13].
Several risk factors for lead perforation with symptom-
atic pericardial effusion after permanent pacemaker
implantation are discussed: use of a temporary transvenous
pacemaker, steroid use within 7 days prior to implant, use
of helical screw ventricular leads, older age, body mass
index\20 and longer ﬂuoroscopy times [5, 14].
In our case, efﬁcient pacing could at least transiently be
achieved with the perforated lead by changing the pacing
polarity from unipolar to bipolar. This observation suggests
anodal stimulation from the RV lead ring [15], because CT
scan illustrated that the perforated electrode tip was outside
the myocardium and tip-ring spacing of Medtronic 4074
lead is 17 mm. In the ECG that was taken during ‘bipolar’
stimulation with the perforated lead (Fig. 3), the precordial
leads showed a right bundle branch block-like deformed
QRS complex. This observation suggests left ventricular
stimulation, but the lateral chest X-ray (Fig. 5b) excluded a
left ventricular position of the pacing lead. Unfortunately,
it remains speculative if the unusual QRS vector was an
expression of anodal stimulation because no 12-lead sur-
face ECG with effective ventricular stimulation was doc-
umented before the patient was referred to our institution.
In summary, late lead perforation should be considered
if patients present with chest pain and pacemaker mal-
function. The ability to capture the myocardium during
bipolar but not during unipolar stimulation may be
explained by a perforated electrode tip and resulting anodal
stimulation.
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